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ABSTRACT  
Gas stations in Brazil are commonly located in residential and commercial areas, which lead to the degradation of 
health quality for people who live and work in the neighborhood. In this study, eleven gas stations located at Rio de 
Janeiro, Brazil, were evaluated. Forty–nine samples were collected in the gas station area and others 250 m away from 
one of the studied areas to evaluate the plume dispersion of the contaminants emitted during the filling process. This 
study focused on the BTEX (benzene, toluene, ethyl benzene and xylenes) emissions, as content of these compounds 
in gasoline sold in Brazil is near 40% v/v. Samples were collected using coconut shell charcoal cartridges, and the 
chemical analyses were done using a GC–MS technique after sample extraction with dichloromethane. Results 
indicated an average value of 29.7 μg m-3 for benzene, 47.7 μg m-3 for toluene, 23.3 μg m-3 for ethyl benzene, 46.9 μg 
m-3 for m+p–xylene and 14.3 μg m-3 for o–xylene. The concentrations of the saturated vapors of five commercial 
gasoline samples were evaluated by using the static headspace technique. Ambient air concentrations estimated using 
a Gaussian plume dispersion model indicated that values for BTEX were greater than those found in the downtown 
area of Rio de Janeiro, even 150 m away from the gas station which can impact a nearby hospital, two schools and 
several residences. These results indicated that more attention should be given to the locations of gas stations. 
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1. Introduction 
 
Brazilian vehicular fleet growth is a phenomenon with several 
issues, including the lack of public transportation, the unplanned 
growth of urban centers, the economic stability that facilitated 
credit for families, and the more affordable fuel prices. This 
increase in fleet size can be seen in Figure 1, together with the fuel 
consumption evolution and the numbers of gas stations present 
during the last decade. 
 
Figure 1 clearly shows that the three variables are closely 
linked. In addition, this increase in the number of gas stations is 
concentrated within cities, often in places with a large circulation 
of people, consisting of residents, pedestrians and commerce in 
general. 
 
Even with the significant advances in fuel quality and engine 
technology in recent years, air pollution in urban centers in Brazil 
still largely comes from mobile sources, as stated in the latest 
annual reports of the INEA (2009) and CETESB (2009), the local 
environmental agencies from Rio de Janeiro and Sao Paulo states, 
respectively. Other significant sources of pollutants to the 
atmosphere are gas stations, industries that use solvents in their 
processes, refineries and landfills (CETESB, 2009). 
 
 
 
In Brazil, there is no specific legislation for the locations  of gas  
stations that focuses on air pollution to their surroundings. 
National Environment Council (CONAMA) Resolution number 
273/1990 deals with the environmental licensing of this activity 
type with a focus on possible accidents involving fires, explosions 
and liquid fuel leaks to surface and groundwater bodies. The actual 
legislation allows new gas stations near residential areas and 
trades, such as schools and hospitals. 
 
Some studies regarding the volatile organic compound 
emissions from gas stations were conducted in European countries 
with the aim of evaluating control systems to prevent emissions 
(Uren 1997; Ohlrogge et al. 2000) and to study their effects on 
workers (Brugnone et al., 2000; Periago and Prado, 2005). 
 
An extensive report was conducted by IEH (1999) about the 
benzene emissions to the atmosphere. They reported that benzene 
emissions to the atmosphere from the evaporation of petrol in UK 
is 5.5% and 65.3% is from light vehicles. 
 
Li et al. (2011) also evaluated the impact of BTEX emissions 
from combustion (85%), evaporation (small contribution) and 
industrial sources (less than evaporation) at New York State using 
canisters to collect samples following the U.S. EPA TO–15 
methodology. 
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Figure 1. Evolution of the vehicular fleet, fuel consumption and gas stations in Brazil in the last decade (DENATRAN, 2010; ANP, 2007). 
 
Others authors also relate the BTEX emissions to the atmo–
sphere with focus on benzene (Fujita et al., 1995a; Fujita et al., 
1995b; Derwent et al., 1995; Srivastava et al., 2005; Srivastava et 
al., 2006). All these authors pointed out that emissions from 
transportation sector is more than the half of total emissions. The 
gas stations are the second major source (less than 20%) and 
industrial sector has a minor contribution. 
 
In Brazil, a local worker usually fills up fuel tanks on vehicles. 
By filling the tank, e.g., with gasoline, there is an exchange of 
saturated vapor inside the tank of the vehicle by the corresponding 
liquid fuel coming from the underground tank. This underground 
tank also makes this exchange of saturated vapor by liquid fuel to 
be supplied by the tanker truck. 
  
These compounds are responsible for numerous adverse 
health effects, such as asthma, mental confusion, fatigue, throat 
and eye irritation and nausea (Godish, 1981, 1990; DHS, 1989). 
 
Some European countries and states in U.S. have adopted 
vapor recovery techniques (CARB, 1996), which Brazil still needs to 
regulate. 
 
There is no value set for acceptable levels of BTEX in ambient 
air in Brazilian law. For comparison, one can use the values 
assigned by law for occupational environments, as stipulated in the 
Regulatory Standard Number 15 of the Ministry of Labor–
Unhealthy Activities and Operations, as shown in Table 1 or the 
U.S. equivalent standard of NIOSH. 
 
Table 1. Occupational exposure limits for BTEX – 8 hours 
BTEX NR–15 Hazard Degree NIOSH 
Benzene 0 Maximum 3.19 mg m-3  
Toluene 290 mg m-3  Average 375 mg m-3  
Ethyl benzene 340 mg m-3  Average 435 mg m-3  
Xylenes 340 mg m-3  Average 435 mg m-3  
 
A Brazilian national agreement stipulates that it is forbidden 
to use benzene after 1 January 1997 for any use, except in 
industries and laboratories that produce or use it in chemical 
synthesis, fuels, chemical analysis, and the production of 
anhydrous ethanol. However, in general, the maximum values for 
occupational environments are relatively high compared to the air 
considered safe for an urban environment, which is used to ensure 
the welfare and health of the population, especially children, the 
elderly, and sick. 
 
This article presents data on the impact of evaporative 
emissions arising from gas stations with a focus on gasoline, which 
is a mixture of a number of light hydrocarbons, including 
aromatics. Data on atmospheric concentrations of BTEX (benzene, 
toluene, ethyl benzene and xylenes) obtained at eleven gas 
stations, the content of these compounds in gasoline samples and 
the plume dispersion modeling was used to assess the extent of 
the area affected by these evaporative emissions. 
 
2. Materials and Methods 
 
2.1. Sampling sites 
 
Eleven gas stations were sampled at Rio de Janeiro city and 
the locations were chosen for ease of access to facilities and are 
located on busy roads and residential or trade centers in the 
neighborhood. 
 
Nine ambient air samples were collected near of one of the 
gas stations, which were used in the plume dispersion modeling 
study. These samples were collected 250 m away from the gas 
station for comparison of modeled values with measured 
concentrations. This specific gas station was chosen because it is 
located in a residential area, near two big hospitals and two 
schools. 
 
2.2. Air sampling at gas stations 
 
Samples were collected during normal business hours for 
20 minutes, 1.5 meters above ground and 2 to 3 meters away from 
the fuel pump. A sample flow rate of 1 000 mL min-1 was used with 
an SKC, battery–operated air sampling pump model PCXR4, and 
the flow was measured with a Dwyer flow meter model MMA–20. 
Activated charcoal cartridges with a double bed (400/200 mg, 
Supelco Orbo 32) were used to collect samples. At each site, two to 
nine samples were collected at several time intervals(total 
50 samples). 
 
2.3. Chemical analyses 
 
After collection, the cartridges were sealed and transported in 
an insulated box to the laboratory. One microliter of 100 ng mL-1 
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deuterated toluene was added with a micro syringe into the 
cartridge to evaluate the recovery process. The extraction and 
recovery process of BTEX in these types of cartridges was detailed 
in a previous publication (Correa and Arbilla, 2006). The content of 
each cartridge bed was placed in separate vials, and 1 000 PL of 
dichloromethane (ACS 32222 Sigma–Aldrich) was added at a 
temperature below 0 °C. The sealed vials were placed in a cooled 
ultrasonic bath for 20 minutes and then left for 1 hour at 10 °C.  
 
 A VF–5MS column (30 m, 0.25 mm and 0.25 Pm film thickness) 
was used for the chemical analysis. Injections of 1.0 PL were used 
at 200 °C with a split ratio of 1:4, using Helium at 2.0 mL min-1 as 
the carrier gas. The temperature program started at 40 °C and was 
maintained for 3 minutes; this was followed by a heating rate of 
15 °C min-1 up to 200 °C, and the column was maintained at this 
temperature for 6 minutes. The temperatures of the ion trap, 
manifold and transfer line were 150 °C, 40 °C and 180 °C, 
respectively. The mass selective detector monitored ions from 72 
to 79, 89 to 93 and 101 to 107 and 119 to 121 (m/z). 
 
The BTEX calibration was performed with a standard solution 
(Supelco EPA TO–1 Mix 1A). To build the calibration curve, 
solutions with concentrations ranging from 0.1 to 4.0 ng PL-1 were 
used. The correlation coefficients were always above 0.99. Using 
the least square method, the calibration curves were derived, and 
the limits of detection and quantification were calculated; this 
information was obtained by dividing by three to ten times the 
signal to noise ratio by the linear coefficients of the calibration 
curves. The calculated quantification limit for each BTEX was 20 pg 
PL-1, corresponding to a concentration of 1.0 Pg m-3 in the 
atmosphere. 
 
The chemical analyses of gasoline–saturated vapor were 
performed using the same methodology described for the samples. 
One milliliter of five different commercial gasoline samples was left 
in equilibrium with their vapor for one week in five 10 mL sealed 
headspace vials. Afterwards, a 20 PL sample was collected using a 
headspace syringe, and it was injected into a gas chromatograph 
Varian model 450GC coupled to a mass selective detector model 
220MS with a static headspace autosampler CombiPAL. Five 
replications of each sample were analyzed. 
 
2.4. Plume dispersion modeling 
 
A Gaussian plume model can be used to assess pollutant 
concentrations and deposition fluxes from a variety of sources 
associated with an industrial complex source. 
 
The model used here (AERMOD) is designed to support the 
choices of regulatory models, as specified in the guidelines on air 
quality models. The model provides various possibilities and 
options for the simulations, such as: 
 
x Dispersion of primary pollutants and continuous emissions of 
toxic and hazardous pollutants; 
x Consideration of multiple sources, including the point, 
volume, area and open cavities sources. Line sources can also be 
modeled as current sources of volume or elongated areas; 
x Consideration of the emission rates of sources, such as 
constant or inclusion changes per month, season and time periods, 
both for a single source or a group of sources; 
x Consideration of the aerodynamic downwash effects due to 
the proximity of buildings near the source; 
x Inclusion of algorithms for modeling the deposition and 
removal (through dry deposition) of particulate matter, as well as 
modeling the effects of removal by rainfall for gases or 
particulates; 
x Location of receptors can be specified in both receptors on 
the grid and/or discretely, in a polar or Cartesian coordinate 
system; 
x Incorporation of dispersion viewing models for receptors in 
complex terrain; 
x Use of meteorological data in real time to consider the 
weather conditions that affect the distribution of air pollution 
impacts in the modeled area; 
x Output results for concentration, total deposition and dry 
and wet deposition fluxes. 
 
According to Negri (2002), the model allows for the associated 
climate scenarios to be close to physical reality, which is used by 
the academic community and by national and international 
environmental agencies. The calculation of pollutant concentration 
yields reliable results in spatial and temporal scales, which are 
subsequently compared to the standards prevailing in the country 
(CONAMA, 1990). The model accepts input from more than 500 
simultaneous sources and areas that generate approximately more 
than 1 500 surface receptors. The receptors are distributed within 
a Cartesian grid, whose boxes accept variable areas. This model 
allows the incorporation of equivalent point sources and sources 
that are established areas for mobile sources (e.g., vehicular) and 
agriculture (e.g., cane burning). 
 
The flat topography of the study region was taken into 
consideration to assess the impact of a nearby gas station. In 
addition, only modeling values near the building were taken into 
consideration. 
 
A local meteorological station collected the meteorological 
data on an hourly average basis for the year 2009, which was in a 
pre–processed file to be used with the model. 
 
3. Results and Discussion 
 
The analysis results of the gasoline vapor in equilibrium with 
the liquid phase are presented in Table 2. The deviations among 
the five 20 PL injections of the vapor samples from five different 
types of C gasoline were less than 30%. Each sample from different  
companies was placed in a different vial to assess the 
reproducibility of the liquid–vapor equilibrium process inside the 
vial. 
 
Table 2. BTEX concentrations in gasoline vapor from 5 samples from 
different companies (mg m-3)  
BTEX 1 2 3 4 5 Average SD % 
B 186.7 126.8 184.5 166.7 208.8 174.7 17.6 
T 1 845 2 606 1 823 2 619 1 447 2 068 25.2 
E 517.1 968.2 593.5 888.0 778.7 749.1 25.5 
m+p–X 5 637 5 211 4 558 5 622 4 794 5 165 9.38 
o–X 720.6 1 422 800.3 1 201 1 128 1 054 27.6 
Total 9 211 
B: benzene; T: toluene; E: ethyl benzene; m+p–X: m+p–xylenes; o–X: o–
xylene. 
 
This high value of standard deviation can be attributed to 
gasoline samples collected from different brands of the stations 
studied. All samples were of type C gasoline from different 
suppliers. 
 
BTEX contents of the samples collected at ambient air of the 
gas stations are presented in Table 3. The values found were 
dependent on the amount of fuel pumps, the number of filling 
operations and with the air circulation of each day. It is possible to 
notice that when the concentrations are high or low for a 
particular day in the same gas station, all BTEX exhibit the same 
behavior as well as their ratio. 
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An interesting result can be observed at Figure 2 between the 
distribution of BTEX in the gasoline vapor in equilibrium with the 
liquid phase and the BTEX found in the atmosphere of the gas 
stations studied. At Figure 2 it is possible to observe the average 
values of BTEX concentrations for the gas stations studied (Table 3) 
and also the average values of the vapor concentration of the 
liquid gasoline (Table 2). The presence of lighter BTEX was more 
pronounced in the atmosphere of gas stations and the presence of 
xylenes is greater in the gasoline vapor; these differences were due 
to the differences in the vapor pressures of different species. 
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Figure 2. Comparison between BTEX in the gasoline vapor and in the 
ambient air of the gas stations. 
 
The standard deviation for the gas stations atmosphere was 
very high, ranging from 43.4 to 66.3%. This can be attributed to the 
location of each gas station. Some of them are located in areas 
with low air circulation and others are located near highways with 
a good dispersion. However the sample variations of the same gas 
stations were lower than 10%.  
 
The majority of benzene emissions can be attributed to the 
limits allowed by Brazilian legislation (1% v/v). The increase of   
benzene/toluene ratio in ambient air (0.60) compared to source 
(gasoline vapor) (0.085) can be attributed to other sources of 
benzene and the higher reactivity of toluene in the atmosphere. 
The reaction rate of toluene with OH radical is 5.96 x 10-12           
cm3 molecule-1 s-1 while benzene has a reaction rate of 1.23 x 10-12 
cm3 molecule-1 s-1 (Gelencser et al., 1997). 
 
Among the gas stations studied, one was chosen to perform 
the simulation of the plume dispersion coming from the vapors 
released during the supplying process of the vehicles. This gas 
station location was chosen because it is near a hospital and a 
school, and a larger number of samples were collected at this 
location. The topography of the studied region is regularly at sea 
level, and several residential buildings are located in the vicinity. 
Each sample collected in this gas station was collected 
simultaneously at 250 m on the same street and sidewalk of a 
school. The results are presented in Table 4. 
 
Comparing the values with the same samples collected at gas 
station C, on the same days and times, the samples collected 
250 m away from the gas station showed values from 2.4 to 
3.7 times lower than the ambient air collected near the fuel pump, 
which demonstrated that the atmosphere of the gas station is 
significantly influenced by the evaporative BTEX emissions. 
 
An estimation of the BTEX emission from the gas station was 
done using the gasoline vapor concentration, the total gasoline 
sold and the gas station working hours. This calculation was done 
based on the assumption that when filling the tank with a given 
amount  of  fuel,  an  equal  amount of saturated vapor is emitted  
 
Table 3. Concentrations of BTEX for ambient air for the gas stations (Pg m-3) 
Gas Station Date B T E m+p–X o–X 
A1 07/20/2008 31.1 55.8 19 38.4 11.3 
A2 07/20/2008 45.5 62.1 23.4 41.7 12.6 
B1 07/28/2008 15.4 25.9 11.3 17.8 12.5 
B2 07/28/2008 16.4 29.9 13.3 41.1 8.8 
B3 07/28/2008 21.1 28.3 14.4 40.8 12.3 
B4 07/28/2008 22.3 30.7 16.7 39 13.5 
C1 08/15/2008 39.8 65.6 38.1 70.4 19.0 
C2 08/15/2008 38.4 69.8 40.1 66.8 21.2 
C3 08/15/2008 37.7 61.1 33.4 65.8 17.4 
C4 10/25/2008 41.1 60.9 41.3 70.1 20.1 
C5 10/25/2008 38.8 71.3 39.9 61.3 17.6 
C6 08/25/2008 47.7 62.3 33.5 57.9 15.3 
C7 04/17/2009 41.1 61.8 31.4 54.3 14.4 
C8 04/17/2009 38.5 51.7 24.4 47.3 11.9 
C9 04/17/2009 40.8 55.1 28.9 49.9 16.6 
E1 06/16/2009 15.5 29.7 11.3 22.6 5.77 
E2 06/16/2009 11.8 25.5 9.9 21.5 6.71 
F1 08/16/2009 25.5 71.2 19.7 45.6 11.3 
F2 08/16/2009 20.8 75.8 17.7 40.3 9.87 
F3 08/16/2009 24.4 63.1 20.6 36.6 8.71 
F4 08/19/2009 22.3 67.8 18.8 33.1 7.43 
F5 08/19/2009 20.5 69.9 17.4 31.7 6.44 
G1 09/18/2009 15.5 54.1 17.5 23.8 4.56 
G2 09/18/2009 11.1 45.6 13.5 17.6 5.89 
G3 09/28/2009 28.4 59.7 23.4 40.1 9.87 
G4 09/28/2009 22.3 59.5 25.6 40.1 11.3 
G5 09/28/2009 25.7 62.1 24.8 43.3 8.12 
G6 09/28/2009 25.5 56.7 20.4 37.1 7.77 
H1 10/04/2009 30.9 79.3 30.4 50.3 19.8 
H2 10/04/2009 38.9 71.1 33.3 56.8 11.4 
H3 10/05/2009 41.5 80.9 36.1 59.1 17.4 
H4 10/05/2009 35.5 77.4 39.1 54.4 12.3 
I1 10/22/2009 78.9 111.4 57.7 77.9 11.6 
I2 10/22/2009 81.8 123.7 65.5 80.5 11.1 
I3 11/07/2009 14.4 40.4 14.8 30.5 12.3 
I4 11/07/2009 17.7 41.3 15.5 29.3 14.9 
I5 11/07/2009 11.1 33.7 9.78 19.7 11.3 
J1 11/21/2009 60.5 76.4 39.9 63.1 15.7 
J2 11/21/2009 71.1 77.3 34.4 67.9 11.1 
J3 11/21/2009 55.5 61.3 29.8 59.7 8.9 
J4 11/28/2009 39.8 66.7 33.6 60.1 11.1 
J5 11/28/2009 78.8 81.3 33.8 56.6 13.4 
K1 09/12/2008 3.42 8.64 1.31 3.86 0.39 
K2 10/03/2008 4.69 12.89 3.86 9.64 1.92 
K3 10/13/2008 12.50 30.76 11.34 25.11 5.18 
K4 10/24/2008 38.74 61.48 13.17 34.17 6.43 
K5 02/05/2009 66.64 154.55 71.09 96.91 15.09 
K6 02/16/2009 36.83 94.62 30.38 74.64 15.50 
K8 11/03/2009 3.77 9.07 2.40 6.13 0.90 
AVERAGE  29.7 47.7 23.3 46.9 14.3 
SD  19.7 27.4 14.8 20.5 4.9 
B: benzene; T: toluene; E: ethyl benzene; m+p–X: m+p–xylenes; o–X: o–
xylene; the letters indicate the gas stations and the number the sample 
number. 
 
from the tank to the atmosphere and the same value must be 
replenished by a tanker truck to fill the underground supply tanks, 
since no vapor recovery technology is used in Brazil. Multiplying 
the average BTEX concentration measured in the gasoline vapor 
(9 211 mg m-3 from Table 2) by the vapor volume displaced by the 
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liquid gasoline sold (8.2 m3) it is possible to calculate the BTEX 
mass released to the atmosphere. Considering a constant emission 
during the gas station working period (16 h or 57 600 s) the 
emission value can be calculated by the equation: 
 
ܧ݉݅ݏݏ݅݋݊ ൌ ͻʹͳͳ݉݃݉
ିଷ ൈ ͺǤʹ݉ଷ
ͳ͸݄ ൈ ͵͸ͲͲݏ݄ିଵ ൌ ͳǤ͵ͳͳ݉݃ݏ
ିଵ (1) 
 
Table 4. BTEX concentrations for samples collected 250 m away from the 
gas station (Pg m-3)  
Gas Station Date B T E m+p–X o–X 
C10 08/15/2008 17.2 24.7 14.4 20.9 8.78 
C12 08/15/2008 15.1 29.0 13.3 18.2 5.34 
C13 08/15/2008 19.8 20.5 10.9 17.7 4.45 
C14 10/25/2008 14.7 19.6 12.8 16.1 6.68 
C15 10/25/2008 15.5 23.3 16.3 14.7 5.12 
C16 08/25/2008 22.4 28.3 9.25 13.0 4.96 
C17 04/17/2009 18.6 20.8 8.71 14.0 3.45 
C18 04/17/2009 16.1 20.0 6.09 16.6 3.03 
C19 04/17/2009 12.7 18.8 7.12 15.9 4.07 
AVERAGE  16.9 22.8 11.0 16.3 5.10 
SD  2.96 3.81 3.46 2.39 1.75 
B: benzene; T: toluene; E: ethyl benzene; m+p–X: m+p–xylenes; o–X: o–
xylene. 
 
The modeling of the plume was performed using 2009 annual 
meteorological data from the study area collected by a 
meteorological station located less than 1 km from the gas station 
studied. The modeled area around the gas station was 
200 x 200 m. 
 
Scenarios of 1, 8, 12 and 24 hours of plume dispersion were 
considered, which were the worst periods of atmospheric 
dispersion for the year 2009. The terrain of the studied area was 
flat at sea level, and only the buildings around the gas station had 
their dimensions considered in modeling. The temperature of the 
BTEX release by the storage tanks and vehicles was 25 °C at a 
height of 1 meter from the ground. The model used a discrete 
Cartesian grid with 441 points, each with a 10 meter distance. 
 
The results of the plume dispersion are shown in Figure 3. The 
geographic coordinates of the gas station were not described to 
maintain discretion. 
 
From the modeling results, the iso-concentration lines 
indicated that the values were comparable with those found in 
atmospheric samples from the gas station and its surroundings. 
The sampling location (SL) for ambient air is indicated in Figure 3, 
in the front area of one of the hospitals. This area presents values 
for total BTEX of 72.1 Pg m-3 and the iso–concentration lines 
indicate that modeled values are between 50 to 100 Pg m-3. 
 
The values found for the atmosphere of the gas stations do 
not exceed the limits stipulated by law, except for benzene, 
according to the collective agreement for benzene in Brazil. 
However, comparing the benzene levels found in these gas stations 
or in the ambient air with the value stipulated by the Directive 
2000/69 of the European Community (2000), which is 5 Pg m-3, the 
conditions found in the study area are well above this value, for 
this pollutant that is considered Class 1 by the IARC (1987). 
 
The U.S. EPA (2005), through cancer risk analysis, estimates 
that an individual exposed to benzene levels between 0.13 to 
0.45 Pg m-3 for 70 years has a cancer risk probability of 
1/1 000 000. Exposure levels between 1.3 to 4.5 Pg m-3 raise the 
risk to 1/100 000, and between 13 to 45 Pg m-3, the risk of getting 
cancer, especially leukemia, rises to 1/1 000. These levels are 
comparable to the levels of almost all of the samples collected at 
the gas stations and surrounding areas. 
 
During 2004 and 2005, 94 samples were collected at 
Presidente Vargas Avenue in the city centre of Rio de Janeiro 
(Correa and Arbilla, 2007). The average concentrations were 15, 
23, 9.0, 7.0 and 19 μg m-3 for benzene, toluene, ethyl benzene, 
m+p–xylene and o–xylene, respectively. These values are roughly 
half of those obtained in the gas stations, clearly showing that 
emissions due to gasoline transfer processes are considerable. The 
concentrations of benzene and toluene obtained in this study were 
very similar to values found by Machado et al. (2007) inside 
Reboucas Tunnel, which connects the north and south areas of Rio 
de Janeiro (26 and 46 Pg m-3, respectively), where light duty 
vehicles represent approximately 95% of vehicular traffic and 
benzene represents approximately 15% (by weight) of the total 
aromatics. The concentrations of ethyl benzene and xylenes are 
higher in the gas station atmospheres due to the contribution from 
gasoline evaporation. The average ratio of benzene/toluene at the 
gas stations is 0.6, comparable to that obtained at Presidente 
Vargas Avenue and Rebouças Tunnel. Values obtained in cities 
around the world range from 0.25 to 0.50 (Rodrigues et al., 2007). 
Figure 2 shows that the benzene/toluene ratio in gasoline vapor is 
0.085, seven times smaller than the ratio measured in the 
atmosphere of the gas stations in this study. 
 
 
Figure 3. Plume dispersion results for the gas station 1h scenario, indicating 
the BTEX iso concentration lines (Pg m-3). SL indicates the location were 
ambient air samples were collected. 
 
According to Enactment no. 309 of 12.27.2001, the National 
Petroleum, Natural Gas and Biofuels Agency (ANP, 2009) of Brazil, 
establishes the minimum and maximum limits of fuel 
characteristics to ensure the quality of petroleum derivatives. The 
Technical Regulation of ANP no. 05/2001 specifies that gasoline 
type C can contain 25 ± 1% (v/v) of anhydrous ethanol fuel and a 
maximum of 1.0 and 45% (v/v) of benzene and aromatics, 
respectively. 
 
Silva et al. (2009) determined the aromatics content in 
commercial gasoline and in refineries in the Piauí state, finding a 
concentration of benzene between 0.28 to 0.48% v/v and 0.35 to 
0.53% v/v, respectively. 
 
100 m 
SL 
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Measurements performed in Mexico City with passive samples 
during a 6–hour period showed an average (geometric mean) 
benzene concentration of 170 Pg m-3, with values between 130 
and 770 Pg m-3. The median of these values was 330 Pg m-3, and 
measured in a street of that city gave a median value 5 times 
lower. At the time of experiment, the benzene content of gasoline 
in Mexico gasoline was 1.5–2% v/v. 
 
Hartle (1993) reported values of 96 and 192 Pg m-3 for gas 
stations in Cincinnati, Ohio, and Los Angeles, California, 
respectively. These values were similar to values found in the 
70 decade (smaller than 300 Pg m-3). 
 
Studies on the evaporation of aromatic compounds in pure 
gasoline and gasoline/ethanol blends showed that the 
concentration of benzene in the vapor phase was 89.09% lower in 
gasoline/ethanol blends (5% and 10% ethanol) but that 
concentrations of xylenes and toluene increased dramatically by 
252% and 239%, respectively (Cagliari et al., 2010). The 
concentrations of benzene determined in this work were 
considerably lower than those found in gas stations from other 
countries because Brazilian gasoline is mixed with 25% v/v of 
anhydrous ethanol. 
 
4. Conclusions 
 
The results reported in this study showed that aromatic 
concentrations in the ambient air of gas stations were appreciably 
higher than the average values in locations with high vehicular flux 
and similar to those obtained inside a tunnel, but ratios of 
benzene/toluene are slightly different. 
 
The results presented here are intended to base the 
discussion on the location selection of gas stations in Brazilian and 
others cities. Currently, the legislation has a focus on possible 
accidents involving fires and leaks into the soil and groundwater, 
but attention should also be given to emissions into the 
atmosphere. Depending on the gas station’s location and the vapor 
quantity released, its area of influence can reach hundreds of 
meters; however, in Brazilian cities, it is common to find buildings 
within this radius of coverage. A study conducted in Spain by 
Terres et al. (2010) indicated an influence radius of 250 m. 
 
Another problem that needs to be addressed is the 
permanence of people in the gas station areas, such as the workers 
who perform the task of supplying the vehicles. It is necessary to 
reduce or eliminate the exposure of these workers to potentially 
dangerous atmospheric conditions, maybe by introducing the 
process of self–service or use vapor–recovery technology during 
the filling process. A study conducted in Greece by Karakitsios et al. 
(2007) indicated that people in the vicinity of gas stations have an 
increased risk of cancer from 3 to 21%. 
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